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ABSTRACT
Using a polyurethane photoelastic material, thick test
specimens of several configurations with bonded end
tabs are exX: mlmed for measurlng Stress lntenSIty fac-_ﬁn
““tors (SIFs) for cracks within and near to bondlmes
in bonded photoelastic models. Effects of specimen
helght glued end tabs, bondline and crack size and lo-
cation are studied and analyzed using a two parameter
model for extracting the SIF's and results are compared

with cracked, homogeneous model results.




|__E,=47MPa

*
E,=6.9 MPa

* manufacturer’s value

Figure 1 Test Setup for Bonded Specimens Con’tamlng Double Edge
Bondiine Cracks.




Figure 2

Global Stress Fringe Pattems for Bondline Cracks in a) Square and
b) Half Height Specimens.. Note effects of imperfections in glued
joints on top and bottom and slight dissymmetry in local fringe
patterns (Integral Fringes White).
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Figure 3

data zone
|

Local Stress Fringe Pattems for Bondline Cracks in both a) Square
and b) Half Height Specimens. Absence of rotation of fringe
pattemns confirms pure Mode | loading (Integral Fringes White).




M-ode I Algorithm for Homogeneous Case for Converting Optical
Data into Stress Intensity Factor (SIF) Values.

BoginningwﬁhmoGiWMnEwaﬁons,womaywrﬂa,for
Mode |, for the homogeneous case
K, .- ps ‘ :
o, = L®) +oy (p =n 2 (1)
A=l R R
where: oy are components of stress, K; is SIF, 1, § are
nnasuredfromaackb(ﬁg.kl),ﬁmm":gm
siress components.
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stross ie.
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SincobunNStrm-OpicLaw(tm),..=nfzrwhe(e,n=
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Kap = (81)"2 (trz)max = (870)Y2 nt/22

* ypical plot of normalized Kae vs. F7a for a homogeneous

ipecimen is shown in Fig. A-2.
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Figure A-2 - Estimating Normalized
SIF from Test Data
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Table I - Data and Results for Cracks Within Bondline

 test# a(mm) b(mm)

exp

P (N) K/Ko

exp.
corr.

(v=05)
K/Ko

Bowie®
(v =103)
K/Ko

. DS2

DS3
DS4
DS5
DS6
DS7

| DS8

DSs
DS10
DS11
DS12
DS13

7.94
12.7
174
20.6
25.4
27.9
7.94
12.7
174
20.6
254

27.9

50.8
50.8
50.8
50.8
50.8
50.8
25.4
25.4
25.4
254

254

254 0.

0.16
0.25

0.41

74.95
74.95
74.95
74.95
74.95
74.95
74.95
74.95
52.68
50.72

5072 1.
51.0 : i

1.14
1.09
115
1.23
1.38

1.37

0.93 -
0.94

1.65
1.00
1.06
1.13
1.27

1.26

1.06
1.04
1.04
1.06
1.10
1.12
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b)

Figure 5

— ]

d.z. = dsita zome 4.43 mm

&) Globat and b) Local Stress fringe photos for a Square Specimen
with: Grack Paralfel to Bondline. Note reduction in size of the linear
zone above fife crack. Lack of fringe loop rotation again confirms
pure Mode | (irtegral Fringes Dark).
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Test # a d h a/w K*/Kg
SP6 2.78 2.58 50.80 0.027 0976 |
SP7 2.98 1.19 50.80 0.029 ©.885
SP8 8.33 258 50.80 0.082 1.139
' SP9 7.95 1.19 50.80 0.078 LOI7
SP10  13.09 1.19 50.80 0.129 1.173
SP11°  12.70 2.58 50.80 0.125 1.365
SP12 238 2.78 254 0.025 0.806
SP13 754 278 254 0.074 0.876
SP14  12.70 2.78 254 0.125 1.028

Dimensions in mm, * Correétéd for 3-D effects to a 2D solution..
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Summary

In summary, results show that:

1) Normalized SIFs increase with relative crack
length for both square and half height bonded
specimens more rapidly thaa indicated by solu-
tions fot unbonded specimens for both bondline

o and cracks parallel to the bondlme. ‘

.2) R.educmg specimen hu;ht reduos normalized
SIF’s for all crack leagths im both bondline
cracked specimens and those containing cracks
parallel to the bondline. Since Torvik, (1979) in-
dicated such an effect in unbonded edge cracked
specimens, this reduction appears to be due to
specimen shape rather than a bondline effect and
may be conjectured to apply to the bondline
cracked specimen resuits as weidl.

3) The experiments revealed
a) No shear mode effect
b) A shielding effect due'to the bondline for short
cracks and those with less separation from the
bondline for the cracks parallel to the bondlines.
4) Imperfections in the giued tab arrangement were
clearly shown.
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